As limits improve on the neutrino mixing angles and mass-squared differences, the focus of T2K has shifted towards studying antineutrino oscillation. This will give an insight into CP violation (if P(ν µ → ν e ) = P(ν µ → ν e )) and CPT violation (if P(ν µ → ν µ ) = P(ν µ → ν µ )) in the lepton sector. This poster summarises the most recent T2K antineutrino oscillation results, from data collected using a ν µ -enhanced neutrino beam corresponding to 4.01 × 10 20 protons on target (roughly 1/3 of the total protons on target collected by T2K). We present world-leading measurements of ∆m 
The T2K experiment T2K is a long-baseline neutrino oscillation experiment located in Japan [1] , which uses the 30 GeV proton beam from the J-PARC accelerator to create a muon neutrino beam. The neutrino beam is measured by two near detectors located 280 m from the target, and a far detector, Super-Kamiokande. The far detector and one of the near detectors are placed 2.5
• off-axis with respect to the neutrino beam, which results in a quasi-monochromatic neutrino energy spectrum that is sharply peaked around 0.6 GeV. The baseline between neutrino production and the far detector, 295 km, is carefully chosen to correspond to the first minimum in the ν µ survival probability at the peak energy.
The on-axis near detector, INGRID, an array of iron/scintillator detectors, is used to measure the beam stability, profile, and direction, and has shown that the beam direction is stable to within 0.4 mrad. The off-axis detector, ND280, is used directly in the oscillation fits. It is made up of many subdetectors, but only the central 'tracker' region is used for this analysis, comprised of two Fine-Grained Detectors (FGDs, which provide a target for neutrino interactions with excellent vertexing capabilities), and three Time Projections Chambers (TPCs, which measure the interaction products and give very good momentum resolution and particle identification). ND280 is contained in the repurposed UA1 magnet, which enables the TPC information to distinguish positive and negative charged leptons from ν and ν interactions.
The far detector, Super-Kamiokande [2] , is a 50kton water Cherenkov detector. It has no magnetic field so cannot distinguish between neutrino and antineutrino interactions, but is capable of very good µ/e separation by the pattern of light from the charged lepton.
Oscillation analyses at T2K
The analysis strategy for the oscillation results presented here is similar to previous T2K results [3] : data samples of charged current (CC) interactions are fit at ND280 to provide a tuned prediction of the unoscillated spectrum at the far detector and its associated uncertainty. This is then compared to the data at the far detector, where µ-like or e-like data samples are fit to estimate the oscillation parameters. The analyses presented here use data corresponding 0.43×10 20 protons on target (POT) in antineutrino mode plus 5.82×10
20 POT in neutrino mode for the near detector fit and 4.011×10 20 POT in antineutrino mode for the oscillation fits. The predictions at both ND280 and Super-Kamiokande use the same cross-section model, so the ND280 fit can reduce the cross-section uncertainty in the SuperKamiokande prediction by fitting parameter values in the underlying models. The (anti-)neutrino flux at Super-Kamiokande is also estimated, through correlations between the flux at the near and far detectors from theoretical models, as well as any correlations between the flux and cross-section parameters. Figure 1 shows some of the flux and cross-section parameters with their associated uncertainties before and after the near detector fit. The predicted flux at SuperKamiokande is generally increased by the fit, although the uncertainty is decreased. Similarly, the uncertainties on the cross-section parameters to which the near detector is sensitive are generally decreased in the fit, but there is not much change to the uncertainties of the oxygen-specific parameters. ν e appearance analysis
The aim of this analysis is to look for anti-electron neutrino appearance, separately from electron neutrino appearance. To do so, we introduce a new parameter β which modifies the ν e appearance probability:
where β = 1 corresponds to ν e appearance in accordance with the PMNS prediction (which allows for CP violation if δ CP = 0). β = 0 corresponds to no ν e appearance. We report the significance for β = 1 in two ways: a p-value and a Bayes factor. The p-value relies on a test statistic:
where L is the marginal likelihood (which is integrated over all parameters other than β). This is then compared to the same test statistic calculated from an ensemble of test experiments on fake data generated with β = 0, to characterise how anomalous our data are with respect to the β = 0 hypothesis. The Bayes factor is simply the likelihood ratio, and describes how much our data favours β = 1 over β = 0.
The Super-Kamiokande data and prediction are binned in either reconstructed (anti-)neutrino energy (νE rec ) or momentum and angle -with respect to the incoming neutrino direction -of the measured lepton (p − θ). Priors on the oscillation parameters are taken from the posterior of the T2K joint ν µ and ν e fit [3] , which have a peak value at δ CP ∼ −π/2. The current data set contains 3 events in the e-like sample, compared to an expected ∼ 1.3 events if β = 0 and ∼ 3.7 events if β = 1 (at oscillation parameters taken from [3] ). Table 1 shows the results of this analysis: the p-value is greater than 15% and the Bayes factor is around 1 -neither of these show strong enough evidence to support β = 1 over β = 0, so with the current data set we cannot conclude that we have observed ν e appearance. This analysis uses the antineutrino-mode data to measure the antineutrino oscillation parameters, so CPT invariance is not assumed. We fit the oscillation parameters that dominate ν µ disappearance, sin 2 θ 23 and ∆m , and fix all other antineutrino and neutrino oscillation parameters to values taken from the results of previous T2K fits [3] or the 2014 edition of the PDG [4] . The Super-Kamiokande data is binned only in reconstructed (anti-)neutrino energy, and contains 34 events in the µ-like sample from the antineutrino-mode beam.
Super-Kamiokande binning
The left-hand plot in figure 2 shows the best-fit spectrum and data as a ratio to the unoscillated prediction, with the characteristic 'oscillation dip' that is clear evidence of ν µ disappearance. The right-hand side of figure 2 shows the 68% and 90% credible interval contours in sin 2 θ 23 -∆m 2 32 compared to the 90% contours from ν µ disappearance analyses in MINOS (using antineutrino-mode beam and atmospheric data) [5] and Super-Kamiokande (using atmospheric neutrino data only) [6] . The MINOS contour was originally presented in terms of sin 2 2θ 23 and had to be unfolded (hence the two best-fit points), but the results from all three experiments are in agreement.
The results of this analysis are also in agreement with previous T2K neutrinomode measurements: we see no evidence for CPT violation. The best-fit parameter estimates are: These and the 2D contours are consistent with the results presented in [7] , which were calculated using a hybrid frequentist-Bayesian method (as opposed to the fullyBayesian method presented here). overlaid with contours from similar analyses by MINOS [5] and Super-Kamiokande [6] .
Summary and future prospects
We have presented here the first T2K results based on antineutrino data. A search for ν e appearance was inconclusive with the current data set, and a measurement of sin 2 θ 23 and ∆m 2 32 has been made from ν µ disappearance at T2K, which is in agreement with T2K neutrino-mode fits and antineutrino results published by MINOS and Super-Kamiokande. T2K continues to run with an antineutrino beam which will provide additional data to improve both measurements.
